ABSTRACT
Introduction

24
Corotating interaction regions (CIRs) are commonly found during solar minimum. propagating into the slow wind and a reverse shock propagating into the fast wind (but 30 -3 -both carried outwards by the solar wind) (Smith & Wolfe 1976; Pizzo 1985) . The shock 31 waves are often formed beyond 1 AU (Smith & Wolfe 1976; Pizzo 1985) . However, recent 32 studies showed that CIR shocks can form as close as 0.7 AU (Jian et al. 2006 ).
33
CIRs and the associated shocks are a major source of energetic particle acceleration in 34 the interplanetary medium; (e.g., Van Hollebeke (1981); Tsurutani et al. (1982) ). Indeed, 35 during solar minimum when the coronal mass ejection (CME) rate is low, CIRs are the 
51
The peak fluxes in CIRs often occur at the reverse and forward shocks, with fluxes 52 at the reverse shock generally being larger (Heber et al. 1999; Mason & Sanderson 1999) . heliospheric topology (e.g., Gosling (1990) ; Kahler (1987) to result from wave-particle interactions and shock heating, combined with adiabatic 
100
We define a CIR pair as two CIRs such that the end of the first CIR and the beginning 
119
As shown in Figure 2, labeled "A", "B", "C", and "D" are also indicated. These periods will be used to examine 156 the helium spectra and proton anisotropies (see Figure 7 below).
157
The third panel of Figure 3 shows that there were gradual but significant increases of 
173
The gradual increase of the ion time intensity profiles lasted until DOY 241. These 
183
At the leading edge of CIR2, the four highest energy ion channels showed no increases.
184
This is consistent with the absence of a forward shock at CIR2. Across the stream interface 
190
The fourth panel in Figure 3 shows electron time intensity profiles for three energy time. Indeed, this is an important clue for understanding this event, as discussed later.
220
We now examine how the spectrum of energetic helium ions evolved in this event.
221 Figure 6 shows the energetic helium spectra during the four 8-hour intervals, "A", "B", 
258
So the fluxes are isotropic in each hemispheres. Note that particles propagating towards 259 the Sun can be reflected, and then as they move back away from the Sun, their pitch angles 260 will approach zero due to the "magnetic focusing" effect. However, the fact that the pitch 261 angle distributions (PADs) were isotropic within each hemisphere suggests that pitch angle 262 diffusion dominated over magnetic focusing. As a measure of the anisotropy, we find the 263 -13 -ratio of the sunward to anti-sunward fluxes is ∼ 2. This value depends very much on the 264 pitch angle diffusion coefficient and can be used to constrain models of particle acceleration 265 and transport in CIRs.
266
Panel C is for the period where the peak of the 6-10 MeV proton intensity occurred.
267
The magnetic field showed a clear bi-polar distribution during this period: when B r < 0
268
(the red lines), the magnetic fields were generally aligned with the nominal Parker spiral propagating away from the Sun.
279
The observations of energetic ions and electrons described above are very unusual and anisotropy of SEPs after the reverse shock is usually sunward.
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Discussion
285
What caused all these unusual observations in this event? The presence of the second
286
CIR likely plays an important role. However these observations are also rare for CIR pairs.
287
Indeed as we will discuss in the following, for the Carrington Rotation immediately before 288 and after CR2060, where CIR pairs also appeared, energetic ion intensity observations 289 showed the normal temporal behavior of single CIR cases. This is somewhat expected 290 because unless the two CIRs are magnetically connected, the presence of a second CIR will 291 have no effects on the energetic particles associated with the first CIR, and vice versa.
292
The above argument suggests that magnetic connection is important in the case of
293
CR2060. We argue in the following that these observations (as shown in Figures 3 to 7)
294 resulted from particle acceleration and trapping between the reverse shock of the first CIR 295 and the forward shock of the second CIR through a large scale "U-shape" magnetic field 296 that connects these two shocks. We illustrated schematically in Figure 8 . The U-shaped 297 magnetic field was possibly caused by reconnection that occurred high in the corona. since the shock was newly formed at this distance, the acceleration was less efficient and 323 the intensity of the energetic particles was low. As STB moved clockwise to period B, it 324 connected to the part of the shock that was further away, where the shock was stronger.
325
Since the shock was the source of the energetic particles, we expect to see most energetic Moving from period A to B, the particle intensity increases, and the anisotropy also CIR2. This may lead to a more efficient acceleration than that at a single shock.
352
In period D, the U-shaped field lines were still connected to the reverse shock of CIR1, there is a shock.
364
In our proposed scenario, the large scale U-shaped magnetic field topology is the 365 key. So it is important to see if there is corroborating observational evidence for this. As showed that counter-streaming suprathermal electrons are frequently observed in the 370 vicinity of CIRs, owing to wave-particle interactions and shock heating, combined with 371 adiabatic mirroring and particle leakage into the upstream regions (both into the adjacent 372 slow and fast winds). anti-field-aligned strahl until DOY ∼239.
382
On day 236, we note a short duration reversal of the dominant PAD polarity. However, topology also implies that B r will reverse sign, as indicated by the red vertical line in Figure   398 9. Note that the B r reversal is in any case expected between two consecutive CIRs, if these 399 do not come from pseudo streamers, as is the case here. there was no reverse shock associated with the first CIR.
432
For the CR2061, the shock pairs that bounded both CIRs can be clearly seen, making 2) The magnetic field changed sign in between the CIR-pair, in a fashion consistent 455 with regular CIRs, rather than CIRs from a pseudostreamer.
456
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3) The PAD of high energy protons between the two CIRs showed an unusual sequence 457 of first being nearly isotropic, followed by mostly sunward propagating, then isotropic, and 458 finally mostly anti-sunward propagating.
459
4) The energetic helium spectra were harder in between the two CIRs than near the 460 CIR shocks. The key point is that a magnetic field connecting the two shocks (the reverse shock of 467 CIR1 and the forward shock of CIR2) will allow particles to be trapped and accelerated 468 between the two shocks. We conjecture that magnetic reconnection occurring in the high 469 corona is the cause of such a U-shaped magnetic field. After reconnection, the U-shaped 470 magnetic field propagates out to the heliosphere. We infer that the magnetic reconnection 471 process is transient in structure because observations from ACE and STEREO-A for the 472 same event were less prominent and because there were no similar observations during 473 the preceding and following Carrington rotations. In a future paper, we plan to examine 474 particle acceleration at a CIR-pair with a U-shaped magnetic field configuration using a 475 test particle simulation.
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This work is supported in part by NSF grants AGS1135432 and ATM0847719, and We conjecture that the U-shaped magnetic field is due to magnetic reconnection that occurred at high corona. The color shows the sense of the magnetic field: red is negative (arrows pointing to the Sun) and blue is positive (arrows pointing away from the Sun). The spacecraft trajectory, as seen from the co-rotating frame, is clockwise along the semi-circle. The two shaded areas are the compression regions. The region between the two CIRs is the rarefaction region. The forward and the reverse shocks are shown as the dark black curves. Note that as shown in the cartoon, the forward shock and the reverse shock of CIR1 and the reverse shock of CIR2 are formed inside 1 AU, while the forward shock of CIR2 is formed outside 1 AU. The U-shaped magnetic field line is proposed to account for the observations of both the reversal of the magnetic field sense and the anisotropy observations of energetic particles between the two CIRs. 
